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Preface

This publication provides, for reference purposes,
a detailed Enterprise Systems Architecture/390*
(ESA/390*) description.

The publication applies only to systems operating
as defined by ESA/390. For systems operating in
accordance with the System/370* or System/370
extended-architecture (370-XA) definitions, the
IBM  System/370 Principles of  Operation,
GA22-7000, or the IBM 370-XA Principles of
Operation, SA22-7085, should be consulted. For
systems operating in accordance with the Enter-
prise Systems Architecture/370* (ESA/370*) defi-
nition, the IBM ESA/370 Principles of Operation,
SA22-7200, should be consulted.

The publication describes each function at the
level of detail needed to prepare an assembler-
language program that relies on that function. It
does not, however, describe the notation and con-
ventions that must be employed in preparing such
a program, for which the user must instead refer
to the appropriate assembler-language publication.

The information in this publication is provided prin-
cipally for use by assembler-language program-
mers, although anyone concerned with the
functional details of ESA/390 will find it useful.

This publication is written as a reference and
should not be considered an introduction or a text-
book. It assumes the user has a basic knowledge
of data-processing systems.

All facilities discussed in this publication are not
necessarily available on every model. Further-
more, in some instances the definitions have been
structured to allow for some degree of
extendibility, and therefore certain capabilities may
be described or implied that are not offered on
any model. Examples of such capabilities are the
use of a 16-bit field in the subsystem-identification
word to identify the channel subsystem, the size of
the CPU address, and the number of CPUs
sharing main storage. The allowance for this type
of extendibility should not be construed as
implying any intention by IBM to provide such

capabilities. For information about the character-
istics and availability of facilities on a specific
model, see the functional characteristics publica-
tion for that model.

Largely because this publication is arranged for
reference, certain words and phrases appear, of
necessity, earlier in the publication than the prin-
cipal discussions explaining them. The reader
who encounters a problem because of this
arrangement should refer to the index, which indi-
cates the location of the key description.

The information presented in this publication is
grouped in 19 chapters and several appendixes:

Chapter 1, Introduction, highlights the major facili-
ties of the ESA/390 architecture.

Chapter 2, Organization, describes the major
groupings within the system—main storage,
expanded storage, the central processing unit
(CPU), the external time reference (ETR), and
input/output—with some attention given to the
composition and characteristics of those
groupings.

Chapter 3, Storage, explains the information
formats, the addressing of storage, and the facili-
ties for storage protection. It also deals with
dynamic address translation (DAT), which,
coupled with special programming support, makes
the use of a virtual storage possible.

Chapter 4, Control, describes the facilities for the
switching of system status, for special externally
initiated operations, for debugging, and for timing.
It deals specifically with CPU states, control
modes, the program-status word (PSW), control
registers, tracing, program-event recording, timing
facilities, resets, store status, and initial program
loading.

Chapter 5, Program Execution, explains the role of
instructions in program execution, looks in detail at
instruction formats, and describes briefly the use
of the program-status word (PSW), of branching,

Enterprise Systems Architecture/390, ESA/390, Enterprise Systems Architecture/370, ESA/370, and System/370 are trademarks of

the International Business Machines Corporation.
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and of interruptions. It contains the principal
description of the advanced address-space facili-
ties that were introduced in ESA/370. It also
details the aspects of program execution on one
CPU as observed by other CPUs and by channel
programs.

Chapter 6, Interruptions, details the mechanism
that permits the CPU to change its state as a
result of conditions external to the system, within
the system, or within the CPU itself. Six classes
of interruptions are identified and described:
machine-check interruptions, program inter-
ruptions, supervisor-call interruptions, external
interruptions, input/output interruptions, and restart
interruptions.

Chapter 7, General Instructions, contains detailed
descriptions of logical and binary-integer data
formats and of all unprivileged instructions except
the decimal and floating-point instructions.

Chapter 8, Decimal Instructions, describes in
detail decimal data formats and the decimal
instructions.

Chapter 9, Floating-Point Overview and Support
Instructions, includes an introduction to the
floating-point operations, detailed descriptions of
those instructions common to both hexadecimal-
floating-point and binary-floating-point operations,
and summaries of all floating-point instructions.

Chapter 10, Control Instructions, contains detailed
descriptions of all of the semiprivileged and privi-
leged instructions except for the 1/O instructions.

Chapter 11, Machine-Check Handling, describes
the mechanism for detecting, correcting, and
reporting machine malfunctions.

Chapter 12, Operator Facilities, describes the
basic manual functions and controls available for
operating and controlling the system.

Chapters 13-17 of this publication provide a
detailed definition of the functions performed by
the channel subsystem and the logical interface
between the CPU and the channel subsystem.

Chapter 13, 1/0O Overview, provides a brief

description of the basic components and operation
of the channel subsystem.
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Chapter 14, I/O Instructions, contains the

description of the 1/O instructions.

Chapter 15, Basic I/0O Functions, describes the
basic 1/0 functions performed by the channel sub-
system, including the initiation, control, and con-
clusion of 1/0O operations.

Chapter 16, I/O Interruptions, covers /O inter-
ruptions and interruption conditions.

Chapter 17, I/0O Support Functions, describes such
functions as channel-subsystem usage monitoring,
resets, initial-program loading, reconfiguration, and
channel-subsystem recovery.

Chapter 18, Hexadecimal-Floating-Point
Instructions, contains detailed descriptions of the
hexadecimal-floating-point (HFP) data formats and
the HFP instructions.

Chapter 19, Binary-Floating-Point Instructions,
contains detailed descriptions of the binary-
floating-point (BFP) data formats and the BFP
instructions.

The Appendixes include:

¢ [nformation about number representation

¢ [nstruction-use examples

e Lists of the instructions arranged in several
sequences

¢ A summary of the condition-code settings

e A summary of the differences between
ESA/370 and ESA/390

e« A summary of the differences between
370-XA and ESA/370

e A summary of the differences between
System/370 and 370-XA

¢ A table of the powers of 2

e Tabular information helpful in dealing with
hexadecimal numbers

¢ A table of EBCDIC and other codes.

Certain information about commands that is in
Chapters 15 and 16 of the ESA/370 Principles of
Operation is not in this publication; instead it is in
the  publication IBM  Enterprise  Systems
Architecture/390 Common I/O-Device Commands
and Self Description, SA22-7204.



Size and Number Notation

In this publication, the letters K, M, G, and T
denote the multipliers 210, 220 2306 and 249,
respectively. Although the letters are borrowed
from the decimal system and stand for kilo (103),
mega (10¢), giga (10°%), and tera (10%2), they do
not have the decimal meaning but instead repre-
sent the power of 2 closest to the corresponding
power of 10. Their meaning in this publication is
as follows:

Symbol Value

K (kilo) 1,024 = 210
M (mega) 1,048,576 = 220
G (giga) 1,073,741,824 = 23¢
T (tera) | 1,099,511,627,776 = 240

The following are some examples of the use of K,
M, G, and T:

2,048 is expressed as 2K.

4,096 is expressed as 4K.

65,536 is expressed as 64K (not 65K).
224 is expressed as 16M.

231 js expressed as 2G.

242 js expressed as 4T.

When the words “thousand” and “million” are
used, no special power-of-2 meaning is assigned
to them.

All numbers in this publication are in decimal
unless they are explicitly noted as being in binary
or hexadecimal (hex).

Bytes, Characters, and Codes

Although the System/360 architecture was ori-
ginally designed to support the Extended Binary-
Coded-Decimal Interchange Code (EBCDIC), the
instructions and data formats of the architecture
are for the most part independent of the external
code which is to be processed by the machine.
For most instructions, all 256 possible combina-
tions of bit patterns for a particular byte can be
processed, independent of the character which the
bit pattern is intended to represent. For
instructions which use the zoned format, and for

those few instructions which are dependent on a
particular external code, the instruction TRANS-
LATE may be used to convert data from one code
to another code. Thus, a machine operating in
accordance with ESA/390 can process EBCDIC,
ASCII, or any other code which can be repres-
ented in eight or fewer bits per character.

In this publication, unless otherwise specified, the
value given for a byte is the value obtained by
considering the bits of the byte to represent a
binary code. Thus, when a byte is said to contain
a zero, the value 00000000 binary, or 00 hex, is
meant, and not the value for an EBCDIC character
“0,” which would be FO hex.

Other Publications

The parallel-I/O interface is described in the publi-
cation IBM System/360 and System/370 I/O Inter-
face Channel to Control Unit Original Equipment
Manufacturers' Information, GA22-6974.

The parallel-l/O channel-to-channel adapter is
described in the publication IBM Enterprise
Systems  Architecture/390  Channel-to-Channel
Adapter for the System/360 and System/370 1/O
Interface, SA22-7091.

The Enterprise Systems Connection Architecture*
(ESCON*) 1/O interface, referred to in this publi-
cation as the serial-1/O interface, is described in

the publication IBM  Enterprise  Systems
Architecture/390 ESCON /0 Interface,
SA22-7202.

The channel-to-channel adapter for the serial-1/O
interface is described in the publication /IBM Enter-
prise Systems Architecture/390 ESCON Channel-
to-Channel-Adapter, SA22-7203.

The commands, status, and sense data that are
common to all I/O devices that comply with
ESA/390 are described in the publication /BM
Enterprise Systems Architecture/390 Common
I/O-Device Commands and Self Description,
SA22-7204.

Vector operations are described in the publication
IBM Enterprise Systems Architecture/390 Vector
Operations, SA22-7207.

Enterprise Systems Connection Architecture and ESCON are trademarks of the International Business Machines Corporation.
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The compression facility is described in the publi-
cation IBM Enterprise Systems Architecture/390
Data Compression, SA22-7208.

The interpretive-execution facility is described in
the publication IBM 370-XA Interpretive Execution,
SA22-7095.

The mathematical assists are described in the
publication IBM System/370 Mathematical Assists,
SA22-7094, which describes the instructions
ARCTANGENT, COMMON LOGARITHM,
COSINE, EXPONENTIAL, MULTIPLY AND ADD,
NATURAL LOGARITHM, RAISE TO POWER,
SINE, and SQUARE ROOT.

; Summary of Changes in Seventh
; Edition

| The current, seventh edition of this publication
| differs from the previous edition principally by con-
| taining the definitions of the extended-TOD-clock,
| TOD-clock-control-override, extended-translation,
| and store-system-information facilities. The
| seventh edition contains minor clarifications and
| corrections and also the following significant
| changes relative to the previous edition:

¢ |n Chapter 4, “Control”:

— The ETR subclass mask, bit 27 of control
register 0, and the
TOD-clock-control-override control, bit 10
of control register 14, are added.

— An extension to the TOD clock, and the
TOD programmable register, are added.

¢ In Chapter 6, “Interruptions”:
— The ETR external interruption is added.

/
/
/
/
/
/
/
/
/
/ — The TOD-clock-sync-check external inter-
/ ruption is affected by the
/ extended-TOD-clock facility.

| ¢ In Chapter 7, “General Instructions,” the
/ CONVERT UNICODE TO UTF-8, CONVERT
/ UTF-8 TO UNICODE, STORE CLOCK
/ EXTENDED, and TRANSLATE EXTENDED
/ instructions are added.

/

/

/

/

¢ In Chapter 10, “Control Instructions,” the SET
CLOCK PROGRAMMABLE FIELD and
STORE SYSTEM INFORMATION instructions
are added.
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The above changes may affect other chapters
besides the ones listed. All technical changes to
the text or to an illustration are indicated by a ver-
tical line to the left of the change.

Summary of Changes in Sixth
Edition

The sixth edition of this publication differs from the
previous edition principally by containing the defi-
nitions of the basic floating-point, floating-point-
support, and hexadecimal-floating-point (HFP)
extension faciliies and the binary-floating-point
(BFP), program-call-fast, resume-program, and
trap facilities. The sixth edition contains minor
clarifications and corrections and also the fol-
lowing significant changes relative to the previous
edition:

e In Chapter 2, “Introduction,” 12 floating-point
registers and the floating-point-control register
are added.

¢ In Chapter 3, “Storage™

— In the section “Prefixing,” the term “prefix
area” is changed to mean the 4K-byte
area designated by the prefix instead of
real locations 0-4095. This change is con-
sistent with how the term has been used
in the definition of the SET PREFIX

instruction.
— Assigned storage locations for the
PCF-entry-table  origin, data-exception

code, and machine-check and store-status
extended-save-area address are added.

¢ |n Chapter 4, “Control”:

— Bits 22 and 23 of the PSW are renamed
the HFP-exponent-underflow mask and
the HFP-significance mask, respectively.

— The AFP-register control and extended-
save-area control are added in the control
registers.

— RESUME PROGRAM and TRAP cause
branch trace entries to be made.

— RESUME PROGRAM and TRAP cause
successful-branching PER events to occur
and a valid ATMID (addressing-and-
translation-mode identification) to be
stored.



— The use of an extended save area for
saving floating-point registers 0-15 and the
floating-point-control register by the store-
status operation is added.

— The store-extended-status-at-address
SIGNAL PROCESSOR order is added.

¢ |n Chapter 5, “Program Execution”:

— The RRF, RXE, and RXF instruction
formats are added.

— A trap-control-block  address and
TRAP-enabled bit are added to the
dispatchable-unit control table.

¢ |n Chapter 6, “Interruptions”:

— The exception names “exponent overflow,”
“exponent underflow,”  “significance,”
“floating-point divide,” and “square root”
are changed to “HFP exponent overflow,”
“HFP exponent underflow,” “HFP signif-
icance,” “HFP divide,” and “HFP square
root,” respectively.

— The reasons for recognizing a data excep-
tion are expanded to include reasons
related to the new floating-point facilities.
When a data exception is recognized for
an old reason related to decimal oper-
ands, it is called a decimal-operand data
exception. The detailed description of the
reasons for recognizing a decimal-operand
data exception is moved from Chapter 6
to Chapter 8, “Decimal Instructions.”

— When a program interruption for a data
exception occurs, a data-exception code
(DXC) may be stored at real location 147
and placed in the floating-point-control
(FPC) register to indicate the reason for
the exception.

— The instruction ending for a data excep-
tion may be suppression when previously
it was termination, depending on the
model. The ending may be completion in
new cases related to floating point.

— The figure “Priority of Access Exceptions”
has superscripts added indicating when an
exception is not applicable when not in the
access-register mode.

¢ In Chapter 7, “General Instructions,” additional

details are added to the definition of the
PERFORM LOCKED OPERATION instruction.

In Chapter 8, “Decimal Instructions,” the
reasons for recognizing a decimal-operand
data exception are described (the definition is
moved to here from Chapter 6).

Chapter 9, “Floating-Point Overview and
Support Instructions,” replaces the previous
Chapter 9, “Floating-Point Instructions.” The
new Chapter 9 introduces the BFP and HFP
operations, defines instructions that are
common to BFP and HFP or that convert
between BFP and HFP data formats, and
summarizes all floating-point instructions.
Other contents of the old Chapter 9 are
moved to Chapter 18, “Hexadecimal-Floating-
Point Instructions.”

In Chapter 10, “Control Instructions”:

— The PROGRAM CALL FAST, RESUME
PROGRAM, and TRAP instructions are
added.

— The method of description used in the
figure “Priority of Execution: PROGRAM
RETURN”" is changed. The technical
content of the figure is not changed.

In Chapter 11, “Machine-Check Handling,” the
storing of 16 floating-point registers and the
floating-point-control register in an extended
save area during a machine-check interruption
is added.

Chapter 18, “Hexadecimal-Floating-Point
Instructions,” is new. It contains definitions of
old and new instructions having operands in
the HFP data format. Also, alternate mne-
monics are assigned to some forms of the
LOAD ROUNDED and MULTIPLY
instructions.

Chapter 19, “Binary-Floating-Point (BFP)
Instructions,” is new. It contains definitions of
new instructions having operands in the BFP
data format.

In Appendix A, “Number Representation and
Instruction-Use Examples™

— The term “floating-point number” is
changed to “hexadecimal-floating-point
number.”

— An example of the use of the PERFORM
LOCKED OPERATION instruction is
added.
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The above changes may affect other chapters
besides the ones listed. All technical changes to
the text or to an illustration are indicated by a ver-
tical line to the left of the change, except that the
changes are not so indicated in Chapters 9, 18,
and 19 because the changes are so extensive
there.

Summary of Changes in Fifth
Edition

The fifth edition of this publication differs from the
previous edition principally by containing the defi-
nitions of the branch-and-set-authority facility and
the perform-locked-operation facility. The fifth
edition contains minor clarifications and cor-
rections and also the following significant changes
relative to the previous edition:

e In Chapter 3, “Storage,” in the section “Han-
dling of Addresses,” the dispatchable-unit and
primary-space access-list origins and the
authority-table origin used by access-register
translation are unpredictably real or absolute
addresses instead of real addresses.

¢ In Chapter 4, “Control™:
— Leap second 21 is added.

— The effects of clear reset and power-on
reset on the locks used by PERFORM
LOCKED OPERATION are described.

¢ |n Chapter 5, “Program Execution”:

— The section “Subroutine Linkage without
the Linkage Stack” is enhanced to
describe a calling linkage made by the
PROGRAM TRANSFER instruction when
the purpose is to reduce authority. The
BRANCH AND SET AUTHORITY instruc-
tion then is introduced.

— The change described for Chapter 3
appears throughout the section “Access-
Register Translation.”

¢ In Chapter 6, “Interruptions,” the definitions of
the privileged-operation, protection, special-
operation, and specification exceptions are
added to or corrected.

e In Chapter 7, “General Instructions,” the
PERFORM LOCKED OPERATION instruction
is added.
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e In Chapter 10, “Control Instructions,” the
BRANCH AND SET AUTHORITY instruction
is added.

The above changes may affect other chapters
besides the ones listed.

Summary of Changes in Fourth
Edition

The fourth edition of this publication differs from
the previous edition principally by containing the
definitions of the following facilities: called-space
identification, checksum, compare and move
extended, and immediate and relative instruction.
The fourth edition also contains additional informa-
tion about the PER-2 facility, and it describes the
ancillary-report bit in certain fields. The fourth
edition contains minor clarifications and cor-
rections and also the following significant changes
relative to the previous edition:

¢ In Chapter 4, “Control™:

— Descriptions of an additional bit in the
PER code, the addressing-and-translation-
mode identification, and the PER STD
identification are added.

— Leap second 20 is added.

¢ |n Chapter 5, “Program Execution”:
— Instruction formats Rl and RSI are added.
— Relative branching is added.

— The section “Condition-Code Alternative to
Interruptibility” is added.

— The called-space identification in the
linkage-stack state entry formed by the
stacking PROGRAM CALL instruction is
added.

— It is clarified that a storage-operand fetch
reference for an instruction can precede
the execution of the instruction by an
unlimited amount of time.

— A programming note showing effects when
CPU serialization is or is not performed is
added.

¢ |n Chapter 7, “General Instructions”:
— The CHECKSUM instruction is added.

— The COMPARE LOGICAL LONG
EXTENDED and MOVE LONG



EXTENDED instructions of the compare-
and-move-extended facility are added.

— The instructions of the immediate-and-
relative-instruction  facility are added.
These are:

- ADD HALFWORD IMMEDIATE

- BRANCH RELATIVE AND SAVE

- BRANCH RELATIVE ON CONDITION

- BRANCH RELATIVE ON COUNT

- BRANCH RELATIVE ON INDEX
HIGH

- BRANCH RELATIVE ON INDEX LOW
OR EQUAL

- COMPARE HALFWORD IMMEDIATE

- LOAD HALFWORD IMMEDIATE

- MULTIPLY SINGLE (two instructions)

- MULTIPLY HALFWORD IMMEDIATE

- TEST UNDER MASK HIGH

- TEST UNDER MASK LOW

¢ In Chapter 10, “Control Instructions,” in the
STORE CPU ID definition, the term “model
number” is changed to “machine-type
number,” and programming notes about the
version code and CPU identification number
are added.

¢ In Chapter 11, “Machine-Check Handling,” the
ancillary-report bit in the machine-check-
interruption code is described.

e In Chapter 16, “l/O Interruptions,” the
ancillary-report bit in the subchannel logout is
described.

e In Chapter 17, “I/O Support Functions,” the
ancillary-report bit in the channel-report word
is described.

The above changes may affect other chapters
besides the ones listed.

Summary of Changes in Third
Edition

The third edition of this publication differs from the
previous edition principally by containing the defi-
nition of the subspace-group facility. The third
edition contains minor clarifications and cor-
rections and also the following significant changes
relative to the previous edition:

¢ |n Chapter 3, “Storage”

— The virtual-address enhancement of sup-
pression on protection is added.

— Fields of the subspace-group facility are
added to the ASN-second-table entry and
the segment-table designation.

— For CPU table entries that are addressed
by real or absolute addresses, it is unpre-
dictable whether the address wraps or an
addressing exception is recognized.

— All zeros may be stored at real location
160 during a subspace-replacement oper-
ation.

¢ In Chapter 4, “Control™:

— A trace entry for BRANCH IN SUBSPACE
GROUP is added.

— An instruction-fetching PER event for an
interruptible instruction may be discarded
under certain conditions when a unit of
operation of the instruction remains to be
executed.

— Leap seconds 18 and 19 are added.
¢ |n Chapter 5, “Program Execution”:

— The BRANCH IN SUBSPACE GROUP
instruction is introduced in |“Subroutine
[Cinkage without _the Linkage Stack” on

— Fields for the subspace-group facility are
added to the dispatchable-unit control
table and the ASN-second-table entry.

— Effects of the subspace-group facility on
the instructions PROGRAM  CALL,
PROGRAM  TRANSFER, PROGRAM
RETURN, SET SECONDARY ASN, and
LOAD ADDRESS SPACE PARAMETERS

are introduced in [‘Subspace-Replacement]
[Operations” on page 5-56.

¢ In Chapter 6, “Interruptions”:

— It is clarified that an instruction is consid-
ered to be executed even if it has an odd
instruction address or cannot be fetched
because of an access exception.

— Subspace-replacement exceptions (a col-
lective name) are added.

¢ In Chapter 8, “Decimal Instructions,” for ZERO
AND ADD when the operands overlap and the
rightmost byte of the first operand is to the left
of the rightmost byte of the second operand, a
data exception may or may not be recognized.
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¢ |n Chapter 10, “Control Instructions”:

— The BRANCH IN SUBSPACE GROUP
instruction is added, and subspace-
replacement operations are added to the
definitions of PROGRAM CALL,
PROGRAM RETURN, PROGRAM
TRANSFER, SET SECONDARY ASN,
and LOAD ADDRESS SPACE PARAME-
TERS.

— The address placed in general register R1
when LOAD REAL ADDRESS sets a
nonzero condition code is real or absolute
in accordance with the type of address
used during the attempted translation.

— For MOVE PAGE (facility 2), when the
first operand is valid in main storage and
the second operand is valid in an unavail-
able expanded-storage block, a storage-
alteration PER event may be recognized,
and the change bit may be set, for the first
operand even though the first-operand
location remains unchanged.

¢ In Chapter 12, “Operator Facilities,” a model

may have, as an alternative to a wait indi-
cator, a means of indicating a time-averaged
value of the PSW wait-state bit.

¢ In Chapter 16, “I/O Interruptions”:

— The initial status that causes a sequence
code of 010 binary to be placed in the
subchannel logout is described in
[FSequence Code (SC)” on page 16-35

— An authorization-check bit is added to the
extended-report word in a format-0
extended-status word. The bit indicates,
when one, that the start or resume func-
tion was terminated because the channel
subsystem is in the isolated state.

e |n Chapter 17, “I/O Support Functions”:

— Additional conditions under which the
device-connect-time field in the measure-
ment block is not updated are described in
[‘Device-Connect Time” on page 17-4]

— It is clarified that an IPL program should
not be placed in the low 512 bytes of
storage because that area is reserved.

¢ In Appendix |, “EBCDIC and Other Codes,” a
chart showing control codes and a
94-character EBCDIC character set is
replaced by a table showing control codes,
various EBCDIC character sets and code
pages, ASCIl, ISO-8, and IBM-PC code
pages, and BookMaster* symbols.

The above changes may affect other chapters
besides the ones listed.

Summary of Changes in Second
Edition

The second edition of this publication contains
minor clarifications and corrections and also the

following significant changes relative to the pre-
vious edition with TNL SN22-5400:

¢ In Chapter 3, “Storage™

— The suppression-on-protection facility is
defined.

— The checking of bits 28-31 or 26-31 in the
ASN-first-table entry and bits 30, 31, and
60-63 in the ASN-second-table entry is
made optional.

¢ |n Chapter 4, “Control™:

— It is made unpredictable whether an
instruction-fetching PER event is indicated
for the first halfword of an instruction when
an access exception is recognized for the
first halfword.

— The standard epoch for the time-of-day
(TOD) clock is described in terms of Coor-
dinated Universal Time instead of
Greenwich Mean Time.

¢ In Chapter 7, “General Instructions”:

— The instructions of the string-instruction
facility, COMPARE LOGICAL STRING,
MOVE STRING, and SEARCH STRING,
are added.

— The COMPARE UNTIL SUBSTRING
EQUAL instruction is added. This instruc-
tion was introduced in ESA/370 but has
not previously been described.

BookMaster is a trademark of the International Business Machines Corporation.
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In Chapter 10, “Control Instructions,” the SET
ADDRESS SPACE CONTROL FAST instruc-
tion is added.

In Chapter 12, “Operator Facilities,” a defi-
nition of the effect of initial machine loading
(IML) on expanded storage is added.

In Chapter 17, “I/O Support Functions,” the
control-unit-queuing-measurement  facility is
added.

In Appendix A, “Number Representation and
Instruction-Use Examples™

— Examples of the use of the instructions of
the string-instruction facility are added.

— A description of the tree used by the
sorting instructions, COMPARE AND
FORM CODEWORD and UPDATE TREE,
and an example of the use of the sorting
instructions are added.

The above changes may affect other chapters
besides the ones listed.
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This publication provides, for reference purposes,
a detailed Enterprise Systems Architecture/390
(ESA/390) description.

The architecture of a system defines its attributes
as seen by the programmer, that is, the concep-
tual structure and functional behavior of the
machine, as distinct from the organization of the
data flow, the logical design, the physical design,
and the performance of any particular implementa-
tion. Several dissimilar machine implementations
may conform to a single architecture. When the
execution of a set of programs on different
machine implementations produces the results
that are defined by a single architecture, the
implementations are considered to be compatible
for those programs.

Highlights of ESA/390

ESA/390 is the next step in the evolution from the
System/360 to the System/370, System/370
extended architecture (370-XA), and Enterprise
Systems Architecture/370 (ESA/370). ESA/390
includes all of the facilities of ESA/370 and pro-
vides a broad range of extensions. Some of these
extensions either apply directly to application-
program development or are basic machine inter-
faces, and they are described in detail in either
this publication or another generally available pub-
lication. The remaining extensions are suitable for
use only by means of specialized control or
support programs, and detailed descriptions of
these extensions are not provided.

All extensions to ESA/370 that form ESA/390 are
summarized below. For those extensions
described in detail in this publication, a compar-
ison of the differences among ESA/390, ESA/370,
370-XA, and System/370 appears in Appendixes
D, E, and F.

ESA/390 was announced in September, 1990.
Any extension added subsequently has the date of
its announcement in parentheses at the end of its
summary.

The following extensions are described in detail in
this publication:

e Access-list-controlled protection allows store-
type storage references to an address space
to be prohibited by means of a bit in the
access-list entry used to access the space.
Thus, different users having different access
lists can have different capabilities to store in
the same address space.

e The program-event-recording facility 2 (PER
2) is an alternative to the original PER facility,
which is now named PER 1. PER 2 provides
the option of having a successful-branching
event occur only when the branch target is
within the designated storage area, and it pro-
vides the option of having a storage-alteration
event occur only when the storage area is
within designated address spaces. The use of
these options improves performance by
allowing only PER events of interest to occur.
PER 2 deletes the ability to monitor for
general-register-alteration events.

PER 2 includes extensions that provide addi-
tional information about PER events. The
extensions were described in detail beginning
in the fourth edition of this publication.

e Concurrent sense improves performance by
allowing sense information to be presented at
the time of an interruption due to a unit-check
condition, thus avoiding the need for a sepa-
rate 1/0 operation to obtain the sense informa-
tion.

e Storage-protection override provides a new
form of subsystem storage protection that
improves the reliability of a subsystem exe-
cuted in an address space along with possibly

© Copyright IBM Corp. 1990, 1991, 1993, 1994, 1996, 1997, 1998, 1999 1-1



erroneous application programs. When
storage-protection override is made active by
a control-register bit, fetches and stores by the
CPU are permitted to storage locations having
a storage key of 9 regardless of the access
key used by the CPU. If the subsystem is in
key-8 storage and is executed with a PSW
key of 8, for example, and the application pro-
grams are in key-9 storage and are executed
with a PSW key of 9, accesses by the sub-
system to the application-program areas are
permitted while accesses by the application
programs to the subsystem area are denied.
(September, 1991)

Move-page facility 2 extends the MOVE PAGE
instruction introduced in ESA/370 by allowing
use of a specified access key for either the
source or the destination operand, by allowing
improved performance when the destination
operand will soon be referenced, and by
allowing improved performance when an
operand is invalid in both main and expanded
storage. The ESA/370 version of MOVE
PAGE is now called move-page facility 1 and
is in Chapter 7, “General Instructions.” MOVE
PAGE of move-page facility 2 is in Chapter
10, “Control Instructions.” Some details about
the means for control-program support of
MOVE PAGE are not provided. (September,
1991)

The square-root facility consists of the
SQUARE ROQOT instruction and the square-
root exception. The instruction extracts the
square root of a floating-point operand in
either the long or short format. The instruction
is the same as that provided on some models
of the IBM 4341, 4361, and 4381 Processors.
(September, 1991)

The string-instruction facility (or logical string
assist) provides instructions for (1) moving a
string of bytes until a specified ending byte is
found, (2) logically comparing two strings until
an inequality or a specified ending byte is
found, and (3) searching a string of a speci-
fied length for a specified byte. The first two
instructions are particularly useful in a C
program in which strings are normally delim-
ited by an ending byte of all zeros. (June,
1992)

e The suppression-on-protection facility causes

a protection exception due to page protection
to result in suppression of instruction exe-
cution instead of termination of instruction
execution, and it causes the address and an
address-space identifier of the protected page
to be stored in low storage. This is useful in
performing the AIX/ESA* copy-on-write func-
tion, in which AIX/ESA causes the same page
of different address spaces to map to a single
page frame of real storage so long as a store
in the page is not attempted and then, when a
store is attempted in a particular address
space, assigns a unique page frame to the
page in that address space and copies the
contents of the page to the new page frame.
(February, 1993)

The set-address-space-control-fast facility con-
sists of the SET ADDRESS SPACE
CONTROL FAST (SACF) instruction, which
possibly can be used instead of the previously
existing SET ADDRESS SPACE CONTROL
(SAC) instruction, depending on whether all of
the SAC functions are required. SACF, unlike
SAC, does not perform the serialization and
checkpoint-synchronization functions, nor does
it cause copies of prefetched instructions to be
discarded. SACF provides improved perform-
ance on some models. (February, 1993)

The subspace-group facility includes the
BRANCH IN SUBSPACE GROUP instruction,
which can be used to give or return control
from one address space to another in a group
of address spaces called a subspace group,
with this giving and returning of control being
done with better performance than can be
obtained by means of the PROGRAM CALL
and PROGRAM RETURN or PROGRAM
TRANSFER instructions. One address space
in the subspace group is called the base
space, and the other address spaces in the
group are called subspaces. It is intended
that each subspace contain a different subset
of the storage in the base space, that the
base space and each subspace contain a
subsystem control program, such as CICS*,
and application programs, and that each sub-
space contain the data for a single transaction
being processed under the subsystem control

AIX/ESA and CICS are trademarks of the International Business Machines Corporation.
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program. The placement of the data for each
transaction in a different subspace prevents
the processing of a transaction from erro-
neously damaging the data of other trans-
actions. The data of the control program can
be protected from the transaction processing
by means of the storage-protection-override
facility. (April, 1994)

The virtual-address enhancement of sup-
pression on protection provides that if dynamic
address translation (DAT) was on when a pro-
tection exception was recognized, the
suppression-on-protection result is indicated,
and the address of the protected location is
stored, only if the address is one that was to
be translated by DAT; the suppression-on-
protection result is not indicated if the address
that would be stored is a real address. This
enhancement allows the stored address to be
translated reliably by the control program to
determine if the exception was due to page
protection as opposed to key-controlled pro-
tection. The enhancement extends the useful-
ness of suppression on protection to operating
systems like MVS/ESA* that use key-
controlled protection. (September, 1994)

The immediate-and-relative-instruction facility
includes 13 new instructions, most of which
use a halfword-immediate value for either
signed-binary arithmetic operations or relative
branching. The facility reduces the need for
general registers, and, in particular, it elimi-
nates the need to use general registers to
address branch targets. As a result, the
general registers and access registers can be
allocated more efficiently in programs that
require many registers. (September, 1996)

The compare-and-move-extended facility pro-
vides new versions of the COMPARE
LOGICAL LONG and MOVE LONG
instructions. The new versions increase the
size of the operand-length specifications from
24 bits to 32 bits, which can be useful when
objects larger than 16M bytes are processed
through the use of 31-bit addressing. The
new versions also periodically complete to
allow software polling in a multiprocessing
system. (September, 1996)

The checksum facility consists of the
CHECKSUM instruction, which can be used to
compute a 16-bit or 32-bit checksum in order
to improve TCP/IP (transmission-control

protocol/internet protocol) performance. (Sep-
tember, 1996)

The called-space-identification facility
improves serviceability by further identifying
the called address space in a linkage-stack
state entry formed by the PROGRAM CALL
instruction. (September, 1996)

The branch-and-set-authority facility consists
of the BRANCH AND SET AUTHORITY
instruction, which can be used to improve the
performance of linkages within an address
space by replacing PROGRAM CALL,
PROGRAM TRANSFER, and SET PSW KEY
FROM ADDRESS instructions. (June, 1997)

The perform-locked-operation facility consists
of the unprivileged PERFORM LOCKED
OPERATION instruction, which appears to
provide concurrent interlocked-update refer-
ences to multiple storage operands. A func-
tion code of the instruction can specify any of
six operations: compare and load, compare
and swap, double compare and swap,
compare and swap and store, compare and
swap and double store, and compare and
swap and triple store. The function code
further specifies either word or doubleword
operands. The instruction can be used to
avoid the use of programmed locks in a multi-
processing system. (June, 1997)

Four additional floating-point facilities improve
the hexadecimal-floating-point (HFP) capability
of the machine and add a binary-floating-point
(BFP) capability. The facilities are:

— Basic floating-point extensions, which pro-
vides 12 additional floating-point registers
to make a total of 16 floating-point regis-
ters. This facility also includes a floating-
point-control register and means for
saving the contents of the new registers
during a store-status operation or a
machine-check interruption.

— Floating-point-support (FPS) extensions,
which provides eight new instructions,
including four to convert data between the
HFP and BFP formats.

— Hexadecimal-floating-point (HFP) exten-
sions, which provides 26 new instructions
to operate on data in the HFP format. All
of these are counterparts to new
instructions provided by the BFP facility,
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including conversion between floating-
point and fixed-point formats, and a more
complete set of operations on the
extended format.

— Binary floating-point (BFP), which defines
short, long, and extended binary-floating-
point (BFP) data formats and provides 87
new instructions to operate on data in
these formats. The BFP formats and
operations provide everything necessary
to conform to the IEEE standard
(ANSV/IEEE Std 754-1985, IEEE Standard
for Binary Floating-Point Arithmetic, dated
August 12, 1985) except for conversion
between binary-floating-point numbers and
decimal strings, which must be provided in
software.

(May, 1998)

The program-call-fast facility provides the
PROGRAM CALL FAST instruction, which is a
variation of the stacking PROGRAM CALL
instruction. PROGRAM CALL FAST omits
certain authorization checking and state
changes and also tracing, with the result that
its performance is improved relative to that of
stacking PROGRAM CALL. (May, 1998)

The resume-program facility consists of the
RESUME PROGRAM instruction, which
restores, from a specified save area, the
instruction address and certain other fields in
the current PSW and also the contents of an
access-and-general-register pair. RESUME
PROGRAM allows a problem-state
interruption-handling program to restore the
state of an interrupted program and return to
that program despite that a register is required
for addressing the save area from which the
state is restored. (May, 1998)

The trap facility provides the TRAP
instructions (a two-byte TRAP2 instruction and
a four-byte TRAP4 instruction) that can
overlay instructions in an application program
to give control to a program that can perform
fix-up operations on data being processed,
such as dates that may be a “Year-2000”
problem. RESUME PROGRAM can be used
to return from the fix-up program. TRAP and
RESUME PROGRAM can improve perform-
ance by avoiding program interruptions that
would otherwise be needed to give control to
and from the fix-up program. (May, 1998)

ESA/390 Principles of Operation

e The

extended-TOD-clock facility includes
(1) an extension of the TOD clock from 64
bits to 104 bits, allowing greater resolution;
(2) a TOD programmable register, which con-
tains a TOD programmable field that can be
used to identify the configuration providing a
TOD-clock value in a sysplex; (3) the SET
CLOCK PROGRAMMABLE FIELD instruction,
for setting the TOD programmable field in the
TOD programmable register; and (4) the
STORE CLOCK EXTENDED instruction,
which stores both the longer TOD-clock value
and the TOD programmable field. STORE
CLOCK EXTENDED can be used in the future
when the TOD clock is further extended to
contain time values that exceed the current
year-2042 limit (when there is a carry out of
the current bit O of the TOD clock). (August,
1998)

The TOD-clock-control-override facility pro-
vides a control-register bit that allows setting
the TOD clock under program control, without
use of the manual TOD-clock control of any
CPU. (August, 1998)

The store-system-information facility provides
the privleged STORE SYSTEM INFORMA-
TION instruction, which can be used to obtain
information about a component or components
of a virtual machine, a logical partition, or the
basic machine. (January, 1999)

The extended-translation facility includes the
CONVERT UNICODE TO UTF-8, CONVERT
UTF-8 TO UNICODE, and TRANSLATE

EXTENDED instructions, all of which can
improve performance. TRANSLATE
EXTENDED can be used in place of a
TRANSLATE AND TEST instruction that

locates an escape character, followed by a
TRANSLATE instruction that translates the
bytes preceding the escape character. (April,
1999)

The following extensions are described in detail in
other publications:

e The Enterprise Systems Connection Architec-

ture (ESCON) introduces a new type of
channel that uses an optical-fiber communi-
cation link between channels and control
units. Information is transferred serially by bit,
at 200 million bits per second, up to a
maximum distance of 60 kilometers. The
optical-fiber technology and serial trans-



mission simplify cabling and improve reliability.
See the publication IBM Enterprise Systems
Architecture/390 ESCON  I/O  Interface,
SA22-7202.

The ESCON channel-to-channel adapter
(ESCON CTCA) provides the same type of
function for serial channel paths as is avail-
able for the parallel-l/O-interface channel
paths. See the publication IBM Enterprise
Systems Architecture/390 ESCON Channel-to-
Channel Adapter, SA22-7203.

I/O-device self-description allows a device to
describe itself and its position in the I/O con-
figuration. See the publication IBM Enterprise
Systems Architecture/390 Common I/O-Device
Commands, SA22-7204.

Vector extensions include an instruction for
loading the vector interruption index inde-
pendent of the rest of the vector-status reg-
ister, four instructions for multiplying and then
adding or subtracting, and four instructions for
extracting the square root. See the publica-
tion IBM Enterprise Systems Architecture/390
Vector Operations, SA22-7207. (September,
1991)

The compression facility performs a Ziv-
Lempel type of compression and expansion by
means of static (nonadaptive) dictionaries that
are to be prepared by a program before the
compression and expansion operations.
Because the dictionaries are static, the com-
pression facility can provide good com-
pression not only for long sequential data
streams (for example, archival or network
data) but also for randomly accessed short
records (for example, 80 bytes). See the pub-

financial-transaction and bulk-encryption envi-
ronments, and it complies with the Data
Encryption Standard (DES).

— Usability of the cryptographic facility is
extended to virtual-machine environments,
which allows the facility to be used by
MVS/ESA being executed under
VM/ESA*, which in turn may be executed
either under another VM/ESA or in a
logical partition. (September, 1991)

e The external-time-reference facility provides a

means to initiate and maintain the synchroni-
zation of TOD clocks to an external time refer-
ence (ETR). Synchronization tolerance of a
few microseconds can be achieved, and the
effect of leap seconds is taken into account.
The facility consists of an ETR sending unit
(Sysplex Timer*), which may be duplexed, two
or more ETR receiving units, and optical-fiber
cables. The cables are used to connect the
ETR sending unit, which is an external device,
to ETR receiving units of the configuration.
CPU instructions are provided for setting the
TOD clock to the value supplied by the ETR
sending unit.

— The ETR automatic-propagation-delay-
adjustment function adjusts the time
signals from the ETR to the attached
processors to compensate for the propa-
gation delay on the cables to the
processors, thus allowing the cables to be
of different lengths. (September, 1991)

— The ETR external-time-source function
synchronizes the ETR to a time signal
received from a remote location by means
of a telephone or radio. (September,

lication I1BM Enterprise Systems 1991)
QZ:; Z'ticztgge/‘?'gzob Dilgg 3 Compression, Extended sorting provides instructions that
i - (February, ) improve the performance of the DB2* sorting

The remaining extensions of ESA/390, for which function.
?Oe”ts\'l:/z(_j descriptions are not provided, are as e Broadcasted purging provides for conditionally

updating tables associated with address trans-
e The integrated cryptographic facility provides a lation and clearing address-translation
number of instructions to protect data privacy, lookaside buffers in multiple CPUs.
to support message authentication and per-
sonal identification, and to facilitate key man-
agement. The high-performance cipher
capability of the facility is designed for

e Other PER extensions, besides those
described beginning in the fourth edition of
this publication, are an augmentation of PER

MVS/ESA, VM/ESA, Sysplex Timer, and DB2 are trademarks of the International Business Machines Corporation.
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2 that provides additional PER function in the
interpretive-execution mode.

Channel-subsystem call provides various func-
tions for use in the management of the I/O
configuration. Some of the functions acquire
information about the configuration from the
accessible elements of the configuration, while
others dynamically change the configuration.

The cancel-I/O facility allows the program to
withdraw a pending start function from a des-
ignated subchannel without signaling the
device, which is useful in certain error-
recovery situations. (September, 1991)

The operational extensions are a number of
other improvements that result in increased
availability and ease of use of the system, as
follows:

— Automatic-reconfiguration permits an oper-
ating system in an LPAR partition to
declare itself willing to be terminated sud-
denly, usually to permit its storage and
CPU resources to be acquired by an adja-
cent partition that is dynamically absorbing
the work load of another system that has
failed. =~ Other functions deactivate and
reset designated participating partitions.

— A new storage-reconfiguration command
decreases the time needed to reconfigure
storage by allowing multiple requests for
reconfiguration to be made by means of a
single communication with the service
processor.

— SCP-initiated reset allows a system
control program (SCP) to reset its 1/0O con-
figuration prior to entering the disabled
wait state following certain check condi-
tions.

— Console integration simplifies configuration
requirements by reducing by one the
number of consoles required by MVS.

— The processor-availability facility enables
a CPU experiencing an unrecoverable
error that will cause a check stop to save
its state and alert the other CPUs in the
configuration. This allows, in many cases,
another CPU to continue execution of the
program that was in execution on the
failing CPU. The facility is applicable in
both the ESA/390 mode and the LPAR
mode. (April, 1991)

ESA/390 Principles of Operation

e Extensions for virtual machines are a number

of improvements to the interpretive-execution
facility, as follows:

— The VM-data-space facility provides for
making the ESA/390 access-register archi-
tecture more useful in virtual-machine
applications.  The facility improves the
ability to address a larger amount of data
and to share data. For information on
how VM/ESA uses the VM-data-space
facility, see the publication VM/ESA CP
Programming Services, SC24-5520.

— A new storage-key function improves per-
formance by removing the need for the
previously used RCP area.

— Interpreted SIE (available with region relo-
cation) is improved to permit preferred
guests under VM when VM itself is oper-
ating as a high-performance guest.

— Other improvements include an optional
special-purpose lookaside for some of the
guest-state  information and greater
freedom in certain  implementation
choices.

e The ESCON-multiple-image facility (EMIF)

allows multiple logical partitions to share
ESCON channels and optionally to share any
of the control units and associated 1/0O devices
configured to these shared ESCON channels.
This can reduce ESCON-channel require-
ments, improve channel utilization, and
improve 1/O connectivity. (June, 1992)

PR/SM LPAR mode is enhanced to allow up
to 10 logical partitions in a single-image con-
figuration and 20 in a physically-partitioned
configuration. The previous limits were seven
and 14, respectively. (June, 1992)

The asynchronous-pageout facility consists of
instructions for initiating and testing for com-
pletion of the asynchronous, to the CPU,
transfer of a 4K-byte block of data from main
storage to expanded storage. These
instructions can be used to improve perform-
ance when a large amount of paging activity
to expanded storage is required. (June, 1992)

The asynchronous data mover provides for
transferring one or more groups of multiple
contiguous pages from main storage to
expanded storage or from expanded storage
to main storage in a single operation. Similar



to /O operations, these transfers are per-
formed largely asynchronous to instruction
execution. This facility can improve processor
performance when large groups of pages are
moved between main storage and expanded
storage. (February, 1993)

The coupling facility enables high-performance
data sharing among MVS/ESA systems that
are connected by means of the facility. The
coupling facility provides storage that can be
dynamically partitioned for caching data in
shared buffers, maintaining work queues and
status information in shared lists, and locking
data by means of shared lock controls.
MVS/ESA services provide access to and
manipulation of the coupling-facility contents.
(April, 1994)

The ESA/370 and 370-XA Base

ESA/390 includes the complete set of facilities of
ESA/370 as its base. This section briefly outlines
most of the facilities that were additions in 370-XA
as compared to System/370 and that were addi-
tions in ESA/370 as compared to 370-XA.

The CPU-related facilities that were new in
370-XA are as follows:

Bimodal addressing provides two modes of
operation: a 24-bit addressing mode for the
execution of old programs and a 31-bit
addressing mode.

31-bit logical addressing extends the virtual
address space from the 16M bytes address-
able with 24-bit addresses to 2G bytes
(2,147,483,648 bytes).

31-bit real and absolute addressing provides
addressability for up to 2G bytes of main
storage.

The 370-XA protection facilities include key-
controlled protection on only 4K-byte blocks,
page protection, and, as in System/370, low-
address protection for addresses below 512.
Fetch-protection override eliminates fetch pro-
tection for locations 0-2047.

The tracing facility assists in the determination
of system problems by providing an ongoing
record in storage of significant events.

The COMPARE AND FORM CODEWORD
and UPDATE TREE instructions facilitate
sorting applications. (An example of use is in

Appendix A, “Number Representation and

Instruction-Use Examples.] The example pre-

viously was not published.)

The vector facility is a high-performance
means of performing numerically intensive
computations. This facility is described in the
publication IBM Enterprise Systems
Architecture/390 Vector Operations,
SA22-7207. The vector facility is no longer
provided on current models.

The interpretive-execution facility allows cre-
ation of virtual machines that may operate
according to several architectures and whose
performance is enhanced because many
virtual-machine functions are directly inter-
preted by the machine rather than simulated
by the program. This facility is described in
the publication IBM 370-XA Interpretive Exe-
cution, SA22-7095.

The  service-call-logical-processor  (SCLP)
facility provides a means of communicating
between the control program and the service
processor for the purpose of describing and
changing the configuration. This facility is not
described.

The I/O-related differences between 370-XA and
System/370 result from the 370-XA channel sub-
system, which includes:

e Path-independent addressing of 1/O devices,

which permits the initiation of I/O operations
without regard to which CPU is executing the
I/O instruction or how the 1/O device is
attached to the channel subsystem. Any I/O
interruption can be handled by any CPU
enabled for it.

Path management, whereby the channel sub-
system determines which paths are available
for selection, chooses a path, and manages
any busy conditions encountered while
attempting to initiate 1/0O processing with the
associated devices.

Dynamic reconnection, which permits any 1/O
device using this capability to reconnect to
any available channel path to which it has
access in order to continue execution of a
chain of commands.

Programmable interruption subclasses, which
permit the programmed assignment of
I/O-interruption requests from individual I/O
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devices to any one of eight maskable inter-
ruption queues.

An additional CCW format for the direct use of
31-bit addresses in channel programs. The
new CCW format, called format 1, is provided
in addition to the System/370 CCW format,
now called format 0.

Address-limit checking, which provides an
additional storage-protection facility to prevent
data access to storage locations above or
below a specified absolute address.

Monitoring facilities, which can be invoked by
the program to cause the channel subsystem
to measure and accumulate key I/O-resource
usage parameters.

Status-verification facility, which reports inap-
propriate combinations of device-status bits
presented by a device.

A set of 13 I/O instructions, with associated
control blocks, which are provided for the
control of the channel subsystem.

The facilities appearing in System/370 but not pro-
vided in 370-XA are described in Appendix F.

The facilities that were new in ESA/370 are as
follows:

1-8

Sixteen access registers permit the program
to have immediate access to storage oper-
ands in up to 16 2G-byte address spaces,
including the address space in which the
program resides. In a dynamic-address-
translation mode named access-register
mode, the instruction B field, or for certain
instructions the R field, designates both a
general register and an access register, and
the contents of the access register, along with
the contents of protected tables, specify the
operand address space to be accessed. By
changing the contents of the access registers,
the program, under the control of an authori-
zation mechanism, can have fast access to
hundreds of different operand address spaces.

A linkage stack is used in a functionally
expanded mechanism for passing control
between programs in either the same or dif-
ferent address spaces. This mechanism
makes use also of the previously existing
PROGRAM CALL instruction, an extended
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entry-table entry, and a new PROGRAM
RETURN instruction. The mechanism saves
various elements of status, including access-
register and general-register contents, during
a calling linkage, provides for changing the
current status during the calling linkage, and
restores the original status during the
returning linkage. The linkage stack can also
be used to save and restore access-register
and general-register contents during a branch-
type linkage performed by the new instruction
BRANCH AND STACK.

A translation mode